erosclerosis involving the brain vasculature may also affect the eye and lead to NTG. Patients with ischemic strokes due to large artery atherosclerosis or small artery occlusion must be examined and followed for NTG.
subjects [10] . Ischemic changes in brain magnetic resonance imaging (MRI) are more common in patients with NTG than in control subjects [2, 9] , suggesting that vascular insufficiency in the central nervous system has some relation to the pathogenesis of NTG [11] . Systemic arteriosclerosis has been described as more prevalent in these patients [7] and may be a potential risk factor for glaucomatous optic nerve damage [12] . Nonetheless, the exact association between NTG and cerebral atherosclerosis is unclear.
In this study, in a group of subjects with low IOP, we tried to determine whether a relationship exists between glaucomatous optic disk changes and symptomatic atherosclerotic CVD, and we focused our attention on the possible role of ischemia in the pathogenesis of NTG with a short review of the literature.
Subjects and Methods
The study included 121 patients who had the diagnosis of ischemic CVD determined at the Department of Neurology, Ondokuz Mayıs University, Health and Research Hospital, between August 2005 and October 2007, and 93 healthy subjects with no ophthalmologic complaints and no known previous CVD. Only patients with normal IOP ( ! 22 mm Hg) [13] were included. Patients with a known history of primary open-angle and secondary glaucoma, pigmentary dispersion or exfoliation, gliotic optic nerve head changes associated with optic atrophy, significant retinal disease or media opacity preventing adequate posterior pole examination were excluded. Patients who initially received treatments lowering intracranial pressure -e.g. with mannitol, which may also lower IOP -were excluded.
A total of 121 stroke patients and 93 healthy subjects underwent ophthalmologic examination including anterior segment examination, fundoscopy, detailed optic nerve head investigation and IOP measurement. The presence of glaucomatous optic disk appearance was decided on by 2 ophthalmologists who were unaware of the patient's stroke subtype to minimize examiner-derived error. Patients who had a vertical or horizontal cup-to-disk (C/D) ratio of 1 0.5 in one eye together with glaucomatous papillary excavation, total cup, neural rim saucerization or neural rim notching in the inferior or superior-temporal disk areas were considered to have glaucomatous optic disk appearance. These patients were followed for 72 h for exclusion of IOP elevation, and computerized visual field testing was performed to demonstrate the presence of any visual field defect except in patients with acute stroke who were unable to cooperate with the test.
The diagnosis of CVD was confirmed by clinical evaluation and brain imaging findings. Ischemic stroke was defined as 'rapidly developing symptoms and/or signs of focal, and at times global loss of cerebral function, with symptoms resolving or leading to death with no apparent cause other than that of vascular origin with evidence of ischemia in brain computerized tomography (CT) or MRI' [14] . Five stroke subtypes were determined according to the Stop Stroke Study (SSS)-TOAST criteria [15, 16] . Brain CT or MRI, electrocardiography or 24-hour electrocardiography monitoring, transthoracic and transesophageal echocardiography with agitated saline if needed, carotid and vertebral artery duplex ultrasonography, brain and neck CT or MR angiography, and digital subtraction angiography of the head and neck when indicated were used for subtype identification. All patients had laboratory examinations including chest X-ray, complete blood count, thyroid function, routine blood biochemistry, coagulation tests, and serum erythrocyte sedimentation rate. Ischemic stroke subtype classification was done by a single stroke specialist experienced in this area and blinded to the ophthalmologic findings of the patients.
Among 121 patients with ischemic stroke, those with stroke related to evident cardioaortic embolism (n = 44; 36.36%) or other causes (n = 9; 7.43%), and those undetermined (n = 22; 18.28%) were excluded. Thirty patients with evident large artery atherosclerosis (24.79%) and 16 with small artery occlusion (13.22%) were included. Therefore, 46 patients with ischemic CVD due to atherosclerosis of cerebral vessels were included in the final analysis along with the 93 healthy controls.
We recorded age, gender, history of hypertension, diabetes mellitus, coronary artery disease (CAD) and smoking for patients and controls. All participants or relatives were informed about the study and each gave informed consent.
The presence of glaucomatous optic nerve head appearance (horizontal or vertical C/D ratio of 6 0.5) despite normal IOP ( ! 22 mm Hg), as well as age, gender, history of hypertension, diabetes mellitus, CAD and smoking data were compared between ischemic atherosclerotic CVD and control groups. Parameters like age, gender, atherosclerotic CVD, history of hypertension, diabetes mellitus, CAD and smoking were later examined as risk factors for the appearance of glaucomatous optic disk in this study population. The results were adjusted for each parameter by multivariate logistic regression analysis. The Fisher exact test, 2 test and Mann-Whitney U test were used for statistical analyses.
Results
The mean age in the atherosclerotic CVD group was 64.76 8 9.32 years (range: 45-82 years), and 62.99 8 12.24 years in the control group (range: 38-84 years). The atherosclerotic CVD group included 18 women (39.13%) and 28 men (60.87%), and the control group comprised 43 women (46.24%) and 50 men (53.76%). The 2 groups did not differ significantly in age or gender ( table 1 ) .
Among the 46 patients with CVD due to small artery occlusion or large artery atherosclerosis and normal IOP, 7 (15.22%) had glaucomatous optic disk appearance, and among the 93 control patients with normal IOP, 3 (3.23%) had glaucomatous optic disk appearance. The rate of glaucomatous optic disk appearance and normal IOP was significantly higher in the atherosclerotic CVD group than in the healthy subjects (p ! 0.05; odds ratio, OR = 5.385) ( table 1 ).
A history of hypertension and smoking were significantly more prevalent in the CVD group (p ! 0.01, OR = 10.277, for hypertension; p ! 0.05, OR = 3.048, for smoking). A history of diabetes mellitus and CAD were also more common in the CVD group, but this was not statistically significant (p 1 0.05) ( table 1 ) .
We analyzed if any of these parameters was a risk factor for having glaucomatous optic disk appearance. Age, gender, history of hypertension, diabetes mellitus, CAD, smoking and patient status as having symptomatic atherosclerotic CVD or not were placed in a multivariate model. Among these parameters, ischemic atherosclerotic CVD was the only significant risk factor for glaucomatous cupping of the disk in our study population (p ! 0.05).
Glaucomatous optic disk appearance with a C/D ratio of 1 0.5 was present in 15 eyes among 19 eyes of 10 subjects. Fundoscopic examination could not be performed on 1 eye in the CVD group (patient No. 6) because of anterior segment opacity. The highest IOP measured during 72 h of follow-up ranged between 12 and 18 mm Hg in the 19 eyes (mean: 14.1 8 1.89 mm Hg) with glaucomatous optic disk appearance. All of the subjects with glaucomatous optic disk appearance in the control group and 3 patients in the ischemic stroke group had typical visual field defects in concordance with glaucoma. Visual field defects were large central scotoma in 7 eyes and peripheral narrowing in 3 eyes of 6 patients. Four of the patients in the ischemic CVD group were unable to cooperate with visual field testing or were lost in long-term followup. Therefore, the definite diagnosis of NTG was not possible for these 4 patients in the CVD group. The clinical characteristics and ophthalmologic findings of the subjects with glaucomatous optic disk appearance are listed in table 2 .
Discussion
NTG involves a heterogeneous pathology of the optic nerve and retina [17] . The causes of NTG have not been definitively described, although a number of mecha- nisms have been proposed, including vascular insufficiency, decreased optic disk resistance and effects of IOP [2] . Neurotoxicity and apoptosis triggered by ischemia may be the cause of progression [8, 12, 18] . Evidence has progressively accumulated suggesting that vascular insufficiency in the optic nerve head plays an important role in the pathogenesis of glaucomatous optic neuropathy [1, 2, 7, 12] . Ischemia may be responsible for the cupping of the disk [19] . Patients with glaucoma suffer from inadequate ocular blood flow, which is independent of IOP [8, 12, 20] . The reduction in blood flow involves different parts of the eye, including the optic nerve head, choroid and retinal circulation, as well as retrobulbar blood flow [12] . Low ophthalmic artery pressure [7] , local narrowing of the arteries at the optic nerve head border, reduced blood flow in conjunctival capillaries, local vasoconstriction in the retina [12] , and lower peak systolic velocity and end diastolic velocity in central retinal arteries and short posterior ciliary arteries are described in patients with NTG [21] .
Several cardiovascular and vasoocclusive diseases including cardiac arrhythmia, hemodynamic crisis, hypertension, hypotension [7] , angina, silent myocardial ischemia [22] , diabetes, peripheral vascular disease, CAD, atrial fibrillation, congestive heart failure, venous thrombosis [12] , abnormalities of the coagulation and fibrinolytic system, dyslipidemia [7] , hyperviscosity, vascular inflammatory diseases [20, 23] and migraine [1, 4] are reported to be more frequent in patients with NTG [1, 7, 8, 11] . Besides these, several observations reveal no correlation between NTG and systemic noninvasive vascular profiles, coagulation tests and rheologic profiles, suggesting that the reason for decreased optic nerve perfusion must be localized or vasospastic [24] .
Ischemic CVD may be the key point between the ocular blood flow disturbances, systemic vasooclusive diseases and NTG. Vascular insufficiency in the central nervous system has some relation to the pathogenesis of NTG [9, 11] .
Patients with NTG may be suffering from diffuse ischemic damage throughout the brain [25] . In the report of Feldman et al., CVD were found to be more frequent in patients with NTG than in those with high-tension glaucoma or in normal subjects, but the subgroup of stroke was unclear in this study [10] . The NTG-specific features were related to an insufficient cerebral blood circulation caused by occlusive processes in the great and small vessels of the brain, especially those supplying blood to the upper corpus bigeminum, and of the optic nucleus of the lateral geniculate body [17] . Ong et al. [9] showed a greater extent of cerebral infarcts in patients with NTG by using MRI. Confluent periventricular white matter lesions are found more often in patients with NTG than in control patients [2] . Some studies have shown histopathologic and sonographic evidence of reduction in blood flow of the globe in patients with stenosis or occlusion of the internal carotid artery. Internal carotid artery disease has been described to be more prevalent in patients with glaucoma [7, 26] . Besides these, some investigators suggest that carotid stenosis, which may have an impact on ocular perfusion, is not or very weakly associated with glaucomatous optic nerve [12] . The exact correlation between cerebral and ocular hemodynamics is indefinite.
In this comparative cross-sectional study, we tried to answer the question whether cerebral symptomatic atherosclerosis is a risk factor for NTG. We examined only patients whose strokes were attributed to atherosclerosis of the cerebral vasculature (large vessel atherosclerosis and lacunar infarctions). Strokes related to causes other than cerebrovascular atherosclerosis, such as cardioaortic embolism, dissection or hypercoagulopathic disorders, and strokes with indefinite origin, were excluded. Our results reveal that patients suffering from acute stroke due to large artery atherosclerosis and small artery occlusion are at a higher risk of having glaucomatous cupping of the optic disk with normal IOP than are healthy individuals. The diagnosis of NTG depends on three aspects: classic optic disk changes, visual field defects and normal IOP. All of our patients with glaucomatous disk appearance had low IOP. However, we could demonstrate specific visual field defects in only 6 of 10 patients with glaucomatous optic disk appearance. We could not perform visual field tests and long-term followup necessary for ocular disease progression in approximately half of our stroke patients because of deteriorations in mental status or mortality. Therefore, it was impossible to make a full diagnosis of NTG in this category of patients. We did not exclude those patients with inappropriate clinical status from visual field tests and followup because of the risk of excluding patients with poor neurologic status and massive atherosclerosis in the cranial vasculature. However, these patients had glaucomatous optic disk appearance, low IOP and no previous history of ocular disease, and had, thus, a high probability of having NTG. Therefore, we believe that our results are meaningful for not only having glaucomatous optic disk appearance but also NTG. In addition, this was a hospital-based, observational study that was impossible to be designed in a completely blinded way. Another limitation is the finally low number of patients with glaucomatous optic disk appearance. One must be a bit daring to emphatically declare that symptomatic atherosclerotic CVD is a risk factor for NTG. However, the high prevalence of glaucomatous optic disk appearance in patients with symptomatic atherosclerotic strokes with normal IOP values observed in this study may support the hypothesis that NTG is a result of ocular blood flow disturbance. Atherosclerosis involving the brain vasculature may also affect the eye, leading to glaucomatous cupping of the optic disk.
We found no correlation between glaucomatous optic disk cupping and history of hypertension, CAD, diabetes mellitus and smoking in this study population, including those with ischemic stroke and healthy subjects with low IOP. The reason may be the low percentage of patients with glaucomatous optic disk appearance in our study group.
Conclusion
Symptomatic ischemic stroke due to small or large artery atherosclerosis is a risk factor for having glaucomatous cupping of the optic disk even if the ocular pressure is normal. Atherosclerosis of cerebral vessels may also affect ocular vessels and may lead to NTG. We believe that patients with ischemic stroke due to large vessel disease or lacunar infarction should be examined and followed for the presence of NTG.
